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Fifteen Bacteroides/or@hur strains freshly isolated from patients with periodontitis were used together with 
three collection strains and one type strain for characterization of growth on various media; determination of 
enzymatic profiles, antibiotic susceptibility profiles, 16s rfWA ribotypes, sodium dodccyl sulfate-polyacrylam- 
ide gel electrophoresis (SDS-PAGE) outer membrane protein profiles, and pathogenicity; and gas chromatog- 
raphy analysis by using a wound chamber model in rabbits. All strains were stimulated by N-acetylmuramic 
acid, while one strain needed a further supplement such as yeast extract for optimal growth. All strains showed 
trypsin-like activity. \Vbile 10 different ribotypes were found, the SDS-PAGE profiles re\ealed similar patterns 
[or all strains. All strains were sensitive to penicillin C (MICS, 40.5 pglml), ampicillin (MICS, <I.0 &ml), 
amoticillin (MlCs, ~038 &ml), metronidazole (RlICs, <0.005 &ml), tetracycline (hllCs, <0.19 &ml), 
doqcycline (MICs, 0.05 &ml), erylhromgcin (MlCs, ~0.4 @ml), and clindamycin (hllCs, <O-O16 pg/ml), 
while they were less sensitire lo ciprofloxacin (MICs, <1 &ml). B. firsyUzu.r did not cause abscess formation 
by monoinoculation. B. /or~~hur coinocula(wI with Fusobncferium nucfeatum ATCC 10953 caused abscess 
formation in 75% of rabbits, while it caused abscess formation in 100% of rabbits when it ~3s coinoculated with 
Porphyromonarging~~,afis FDC 381. In the case of the latter combination, four of six rabbits died of sepsis after 
6 10 7 days, and P. gingivalis and B. /orq?hm were recovered from the heart blood at a proportion of 1O:l. B. 
jorsyfhus strains were highly virulent and invasive in combination with P. gingivafir. 

More than 300 microorgamsms are assumed (0 be harbored 
in the subgingival microbiota of the gingival sulcus and per,- 
odontal pocket of humans (25). One-third of them have been 
cultivated and identified, and only some ol them are carefully 
examined as suspected periodontopathogens. Hence, one of 
the essential conditions for an organism to be recognized as a 
suspected periodontopathogen is to be cultivable in artificial 
medium. From this point of view, some bacterial species have 
come to be considered as suspected periodontopathogens 
within the last decade (10, 20, 26, 3 I) 

Boccerotdes forsyrhur IS one of these more recently rccog- 
nized periodontopathogens. This bacterium IS a lastldlous an- 
aerobic gram-negative rod, first reported as a “fustforrn Bar- 
feroldes” in 1979 by Tanner et al. (34) and later named U 
forsylhus (36). Although only a few reports have dealt with R 
forsyrhus, it has been frequently isolated in large numbers from 
periodontal pockets of patrents with active perlodontitls and 
has also been reported to be related lo early permdontal le- 
sions (8, IO, 12). 

R. /orsyfhlcs is frequently isolated together with Porphyrorno- 
nas gtng~ol~, which indicates an ecological relationship be- 
tween these two. The need for some bacterra on whrch B 
foqrhus can feed, such as Fusobacrenum nuclearurn or Slrep- 
ioco(~cus songuti, or PLacetylmuramic acid (NAM) to support 
the growth is reported (9, 38) B /orqrhlo is a well-known 
producer of a trvpsrn-ltke enzyme, which is assumed to be an 
important virulence factor in periodontal disease (21). 8. /or- 
syfhu~ is suggested to be associated with advanced and refrac- 
tory periodontitls, however. due to the difficulty in cultivating 
B. forsythus, this bacterium has not been carefully examined 

The purpose of this study was IO elaborate a supportive 
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growth rnedlum and to further characterize some of the bio- 
logical activities of B /orsyfhus 

htATERULS AND hlFTllOD5 

Bxtcria. The faboraorv ara,ns used ,o ttm study were B forsyihus ATCC 
41037 and 8 fmyrhw OMZ 367. OMZ 408. and OMZ 471. kmdly provided by 
R  Cm,i,. Unrvcrs,ty of Zu,,ch. &rich. Switzerland 

8 foquhus OMGS 3073 lo OMGS 3087 were our oun ,solarcs from deep 
penodomal pockc:s from I5 pawn& wrth unlrexcd pcr,odonl,hs. They were 
,dem,hcd on rhc bass of ,hc,r p,nk,rh wh,te rpecWcd coIomcs. gram-nc~atrw 
fus&lorm m,c,omo,pholog) afrcr grourh on the brucella agar pIarcs. and produc 
$10” of trips,” hkc cnryme m API ZYM (API Swem. b,oMcr,eu% Marcy 
I Erode. Fiance) No growh tn 10% CO,  ,n a,, also certdied them as El forrychur 

For , ,SIUC cage erper,mcnts. lurthc, s,,a,ns were used F nuclemm Al-CC 
10953. P gqmdrr FDC 381. and Sweprococcrw nngmoms OMCS 1902 Stram 
OhlG.5 1902 was our own tsol.rrc from a subgmgwal plaque sample from a 
pahen, wrth advanced pcr,odontr,,s 

Companron of growth mcd,a. Comparison of the growth oi B forryrhw m 
vanouz med,a was performed by strcak,ng each rrra,n onto agar plates. and fhc 
plarcs YC~C ,ncubatcd for 7 days a, 36-C ,n ,a,% w,,h an atmosphere of 95% H, 
and 5% CO,  Ahcr ,ncuba,,on. rhc lhtckncss of the colomes and ,hc m.lumal 
colon\, d,amcce, were mcarurcd for each 6 fwryrhur xtram Thhrrc basal mcd,a 
vcrc tcr,cd. blood agar ba>e (no 2. Umpah Ltd. Bas,n<rtokc. England). bru 
cclla agar base (IIRL hl,c,ob,ology ryrtcms. Cockcyrrdlc. Md ). and Tryp’tcasc 
so” acar II (TSA II. BBL) lhe basal med,a tvere supplemented wth yeas, 
c’llrac~ (4 g/later. D,fco bhorJtor,es. Derro,f. Cl,ch ). phvtone peplone (4 &‘l,,cr 
BBL). and NAhl (Stgma. S, LOUIS. MO ) NAM was d,rsolvcd 10 IO mg/mf ,,I 
d,sc,llcd waler. stored a, 20°C. and added ,o the med,um 10 a final conccm,a 
tron al IO mgjhter after au,ocl.,v,ng 

Enzymatic prohlc~ The enrvmt~ profiles of 8 forrydrtu were cram,ncd by 
usrng Ihe API ZYM ry%em (36) ar spccdied by ,hc manufacturers (API Syrtcm) 

Gas-liquid chromatography. For analjs,s by gas-l,qu,d chromatography 
(GLC). 8 fmythw was moculatcd mco pcpronc ycart glucorc (PYG) broth wth 
IS mg of NAM per IIIC, and was mcuharcd aoacrob,cally a, 36-C for 7 dap In 
add,l,on, rhe atrams wcrc ,ncuba,ed ,n Huntoon broth mcdwm. a special me- 
drum lo, fasc,d,our bacteria. to wh,ch wax added IS mg of NAM per htcr (27) 
~nnalyr,r of mcrabohc producls ua done by GLC (S,gma 20. Pcrbn-Elmcr. 
Norwalk. Coon ) w,,h P ch,nmarog,Jph cqwpped wtrh a Ramc ,o,,,za,on dclcc 
10, GLCuas pe,formed a,ourl,ned ,o the V,,g,n,a Pol>tcchn,c lnst,lutc manual 
(17) The glars column for chromatography was packed w,lh 5% AT loo0 
(Alrcch Arroc,a,er 1,~. Decrfield. Ill ) on Chromororb GHP lOO/l2O mrrh 
(lohnr bianidle Denver. Co10 ) The ca,,,cr gas ws n,,rogcn (30 mflmm). the 
ln~ccnon port rempererurc MI I5lTC. and ,hc oxen (cmpcraturc was 120°C 
One m,c,ol,,e, p,,,,,o,,, 01 ,hc e,her ertracred and mc,hyla,cd ramplcr(l7) wrc 
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R,boqpa”g hlcthods fur DplA ex,rac,ro”, re~,,,c~,o” enzyme dagcirnm. aga 
,osc gel ctcctrophorsst>. ,)“lhes,s 01 probes. and ~“~l~rer were ~>sentt~llr ,he 

~arnc IS thorc d<slnbed I” der.xt by Boudc” e! al (2) Str~,“, %\crc groun 
anxrobacallv ,n tur conrxndng 95% ti, and 3% CO, D,%Iyleld and purdy were 

drtrrmnncd by mcasurcmc”~ of the absorpclons at 260 and 280 “m Enrymc 
d,gcrt*o” u,th Ihe cndonuclearc Pul (Boehrmger hlannhetm Ss~ndmavna AR 
Bromma. Swcdc”) was performed wath ONAs from all uramx Elccrrophorcsxr 
was done I” a honzonlal agarow gel (Hocfer. San Fra”c,rco Cal,t j II J co”s#~“t 

rolrdpe (40 V) lor 19 h at room temperature I” 89 mht Trhr-borate but?cr (pti 
80) A d,gougc”,” labelrd bxleraophagc iambda DflA dlgert (Marker 111 
Boehr#“gcr Ma”“hc”n) was urcd as a molecular marker I” Ihe gclr The frag~ 

men= were vnubzed after ethldtum bromtde stagnrng under shortuavc UV llgh! 

and were pholographcd DNA lragmcnls were transferred !o nylon membranes 
(&a-Probe GT. BuxRad. Solna. Swede”) w,th Southern blomng by usmg a 

“ac”um blorccr (BmRad) The prsparauo” of a dlgongenn” labeled probe *as 

made by the random pramzng tcchn~quc wlrh a dtgougent” DNA labebng ktl 

(Gentus ICI. lO93-657. Boehrangcr Msnnheinl). followed by hybradrrario” and 

detcnlon accordang to the manufacturer’s t”xtrucr*o”s The molecular werghrs of 

the mator bands obxned by r~baypgng acre compared wtrh DNA molecular 

malkcrr as a rcfcrcnce Rlborypc patterns. whtch were confirmed on tindcpen- 

den1 gclr. were csrlmatcd 
SIIS-PACE. Sodgum dodecyl sulfate (SDS) polyacrylamade gel clecrrophores~s 

(PAGE) was performed I” a Mm-Protean II (Boo Rad) ““1, at 200 V lor 25 ma” 

by “sang a vcn~cal 0 75.mm-thick slab conrarnrng 7 5% (w&c) polvacrylamlde. 

Baocraal samples were prepared by son~atm” of whole-cell suspensions at 50 \V 
for 1 mnn. The preparat~onr were heated with a” SDS sample buUcr a( 100°C for 

5 mm After clcctrophoresas. the gel was staned wtth Coumasrx brdl,a”t blue 

R-250 The folIowang proretnr were used as molecular saze markers myosn” (20s 

tOa). I)-galaccossldasc (116 kDa). phosphorylase b (97 kDa). bovine plasma 
albumm (66 kDa). ovalbum,” (45 kDa), and carbonic anhydrae (29 kD3) (Bm 

Rad standard marker prorcms) 

Anlim~crobal rusccplibility tests. The antlmtcrobml rurccptab~laty of 6 for 

syrhus was delcrmmcd by ustng the reference agar ddul!on method of Ihe Nap 

Itonal Commdree for Clrnvzal Laboratory Srandards (30) and the E test (AB 

Bmd~rc. Solna. Swede”) ar dcscribcd by Cmo” et aI (5) Bactcral cell, were 

harvested by scraping the agar platc and were suspended I” d$lurbo” mcdtum 

Vlabdlry Medium Gdtcborg (VMG) I (27) at a concenrrauo” of 0.‘1 (opuwl 

dcnsdy at 605 “m). The suspensm” was the” plated on TSA II medturn supplc- 

mcnrcd wtth phytanc peptone and yeas, extract (MPY medium) (volume. 30 
ml) with the antablotaa. which were made up I” a dllutm” serves AIrer 72 h of 

anacrobrc Incubation. the MIC was estimated and was conudered the lowest 

conccnlra~~on “1 anrlbaotac yleldmg no growrh lbe E-[es, s,nps were put on [he 

surface “l Ihc TPNY agal Aher ?2 h of anacrobrc mcubatlon. the MI<> lor the 

bacrrrlat stratns were determined By the E-cat. MIG were rexd at [he pant 
whcrc :he inhabllaon zone mrersccted the MIC scale on rhe slrap. according ro the 
manulacturer’s m5lruct~ons 

Ta\rur cage technique. The l&sue cage techntque was used al descrtbed pre 

v~ourly (6. 7) Su r~ssue cages of Teflon “cl wvlth a volume al I5 ml were 

lmplnnrrd subcutaneously I” the backs of New Zealand Whrre rJhb”s (wetght. 

I 5 to 2 0 kg. both reres. age. 6 to 9 months) After IO days and propel heahng. 

0 I ml of a bactermt suspension (approumatcly 10~ CFUlml) was vnoculaled ~“to 
the ttssue cages with a I-ml graded syrange Clan~wl and m~crob,~logt~al exam- 

mat~ms were performed a, 2 h and I. 3. 7. and 14 dayr ~frer m,,cul~~,o” For 

mrcrob~ologal exa”““afto”. 0 I ml of rhe content of each “s5ue cage PI each 

tlme po#“c was aspIrated with a I-ml graded syrtnge. ddurcd t” serges I” VMG 1. 

and tnoculatcd anaerobtcally on P TNPY agar plate as described Jbove Alter 7 

IO IO days of nncubatlo”. the numbers of colomes wcrc munted The ~“fecr~v~ry 

was also cstlmated from visual n”specr#o” of the asplratcd rrssue cage matcrral at 

the venous [#me points. and the level of i”lecrtv!ty war classdied I” one of three 

ca~cgorzes (7) 

RESULTS 

Comparison of growth media and colony morphology. TSA 
II revealed Ihe best growth wrth pinktsh lo yellolrish white. 
speckled, sornefrrnes donut-shaped colonies with a translucent 
zone Two strains (strains OMGS 3078 and OMZ 471) dem- 
onstrated slighrly, comparatively Rat. roughly speckled colo- 
nies. 

API ZYM test. The results ol the API ZYM lest for I9 
strains of 5 fors$rru demonstrated strong trypsin-lrke activity 
Slrong alkaline phosphatase, acrd phospharase, and N-acetyl- 
p-o-glucosaminrdase activities were demonsrraled for al! 
strains. All strains were negative for Ilpase. ch!motrypsm. 
a-galactosrdase, D-glucosidase, and a-mannosidasc EIterase 
lipase formation was generally weak, however, strains OhlGS 

90%” Hangc 90% Range 
-___- 

Phenu~merllylpenlctllll~ 05 ~:Ot&tJj 0 SO ~0.016-0.5 
Xnlpl~llll” 05 -<00&05 IO ~00161.0 

Anlo\lclllln 05 100&05 0 38 <0016038 
hlerronidxole COO6 ~006 00047 <0002-o I25 
Clproflorx1n 20 0 IZ->I6 1 O.lzs->I2 
TTr1racychnc 1006 iOO64 I? 0.19 co Olti 19 
DoqTychne 0.12 10.060 IZ 0 38 OOldo38 
Cllnd3mycm CO 06 ~006 co 016 <O 01&&032 

--__ 
” 90%. hllC 3, ah,rh !hc growth of 90% of the vr=on, uas ,nh,b,lcd 

3080 and OMGS 3081 were negative for esterase lipase for- 
mation, and OMZ 471 was strongly positive for esterase lipase 
formation Leucinc arylamidase reacllons were negative for 
three strains (strains OMGS 3079. strain OMGS 3080, and 
OMCS 3081), and only strarn OMGS 3084 was negative for 
p-glucuronidase. 

CLC analysis. The maln volalile acid products in PYG broth 
determined by GLC analysis were proplonafe. isovalerate, and 
phenylacetate Small amounts of isobutyrate and butyrate were 
also detected The growth was, however. generally poor. In 
Hunroon medium, which revealed better growth, all strains 
also produced Isoburyrate, butyrate, acelale. and succinare. 

Ribotyping. Among the 19 strains tested, 10 different ri- 
botype patterns were revealed by ihe use of fsr! restriction 
enzymes. Thus, the rrbotype patterns could be used for strain 
Identdication in the wound chamber experiments (see below). 

SDS-PAGE banding patterns. A!1 19 B. /orvfhur strains 
including the type strain ATCC 43037 showed similar banding 
patterns, and no subtypes were recorded. 

Antibiotic susceptibility test. Table I summarizes the results 
estimating the susccprtbllilies of the strains 10 anttbiotics by rhe 
agar dllutlon method and the E-test Both methods provided 
srmilar results. The 5. fursyrhus strarns tested were most sen- 
srtrve lo cllnddmycin (MICs, <O 016 to 0032 &ml) and met- 
ronldazole (MICs, <O 002 IO 0.125 &ml). 5 for@trc showed 
a comparatrvely lower susceptibility lo ciprofloxactn (M!Cs, 
0 I25 lo >32 mg/m!), while orher antibiotics showed higher but 
more vanable susceptibrlity patterns. A!! strains were sensitive 
to penicillin G  (MICs, ~0 5 &ml), ampicillin (hllCs. cl.0 
@ml),  amoxicillln (MICs, 10.38 &ml), tetracycline (MIG, 
~0 19 &ml), doxycycline (MICs. ~0 OS pg/m!). and erythro- 
mycrn (MICs, <O 04 @ml)  

Tissue cage technique. The results of experiments per- 
formed by the tissue cage technique with 5 /orsyrfrus coinocu- 
lated with P gmglbalrs FDC 381 or F nucleafclm ATCC 10953 
are presented in Table 2. Neither 5 fur~ilrus ATCC 43037 nor 
OMGS 3073 was detected at day I when the strains were 
maculated alone, the strams did not survive, and no abscess 
formatron was recorded. In cages with either 5. for@rus strain 
(ATCC 10953 and OMGS 3073) comoculated with F. n&en- 
rum FDC 381. abscess formation was observed. When either of 
the 5 foryyrftux strains was coinoculated with f. gingidis FDC 
381, lhe 5 /orsyrhrts strain was not detected a1 day I or 3 but 
was reisolated again after 7 and I4 days concomitantly with 
abscess formatton 

P gmglvalu FDC 381 was used for colnoculation with four 
different 5 /+&us strains (straIni Ob!GS 3073. OMGS 3076. 
Oh1GS 3086, and Oh12 471) The four combinations showed 



13so TrXKEhlOTO ET AL 

-___ - __- 

B /orr~rhrcr ATCC 43037 + P grngrmlu FDC 381 ._. 100 
B f~rqh~ ATCC 43037 l F ~U&~~UUI ATCC 10953 ~. 75 
B /orsyrhur OblGS 3073 + P grngwalu FDC 381 ~. ‘100 
B Juqrhru OIlGS 3073 + F nuclrurum ATCC IO%3 I6 
F nrrclc-nfrrm .sTCC 1095 3 ._ .~. __ 0 
P grngrvalu FDC 381 ..~. 0 
B /orThus AKC 43037 ._ .~ 0 
B foqrhrcr OMGS 3073 0 
____ I_. 

* Su rabbarr UC~C used for csch bxrcrrum or bacrerral comhtrwmn cxccpr rhar 
wrth fl (orr)rhw ATCC 13037 and F nuclcnrum ATCC 10953. for whrch four 
rabblrs ucrc used 

almost similar patterns mrtially, with abscess formation, puru- 
lent exudate, and swellrng of the trssue cage area at day 6 or 7 
Simultaneously, four rabbrrs died of sepsis. P. gtngrvnlrr and 5 
fonyrhus were recovered from the heart blood of three of them 
at a proportron of IO I The ribotype patterns obtained for 
three rsolates from rabbit heart blood in the tissue cage exper- 
iment coinctded with those of the inoculated strains OMGS 
3085 (from one rabbit) and OMZ 471 (from two rabbits). All 
strains were inoculated simultaneously in monoculture and lost 
vrability after 3 days and were not recovered from the cage 
after 7 days 

DISCUSSION 

Many studies have been carried out to examine the subgin- 
gival plaque flora by use of cultivation; however, only a few 
studies have dealt with 5 /ursyrhru (8, 10, 14, 35). Those stud- 
ies revealed an elevated proportion of this bacterium from 
active sites and initral lessons. It is apparent from more recent 
studies that the prevalence of 5. /o~s~lhru in subgingival pocket 
flora has been underestrmated due to its poor growth on cul- 
ture medta and IIS presence at levels below the levels of de- 
tection by the culture method (12) Higher prevalences have 
been obtained by noncultural methods (4, 12, IS, 22, 24). 5 
forsyfhus is recognized for its trypsin-like enzyme, which IS also 
found rn P grrrg&& and P dent~o7u (37) and disclosed tn the 
benzoyl-DL-arginine-naphthylamide test used to monitor pa- 
tients for periodontal disease (21) Further biological charac- 
terrzation, pathogenrcity, and response to treatment have not 
been thoroughly examined due to the poor growth of 5 for- 
r~hw rn laboratory medra 5 forsyrhus needs NAM for its 
growth (38, 39). When ISA II was supplied in the present 
study wrth only NAM and blood, the growth was, however, still 
poor after 7 days of incubation. To achreve better growth, we 
supplemented TSA II wtth phytone peptone and yeast extract 
Thus medium, TNPY medrum, was used for 5 /orsythur in all 
erperrments and antrbrotrc susceptibrlity tests performed 111 

this study The colony morphology of 5. for~@ru on TNPY 
medium differed from strain to strain, and even for the same 
strain II changed with the growth conditions. That makes II 
drtlicult to detect 5. for~rhus on nonselective media in samples 
from the perrodontal pocket, supporting the discussion of 
Gmur et al. (12). who suggested that 5. /orsy&u is found less 
often in studres that use cultivation techniques than in those 
that use DNA probe or tmmunological techniques (12. 18. 22) 
5 /or_ryrhus showed a consistent cnzymatrc profile and prop 
duccd metabolrc acids and other products, thus confirming 
e.rrlier reports (3, 37) Whtle the SDS-PAGE profile was sim- 

alar for all rtrains tested, ribotyping wrth Purl disclosed 10 
different patterns. conlirnnng the existence of a heterogeneity 
on the genoryprc Ic~cl, similar 10 many other oral specres (I I) 

I’rcwously. B.rher et al (I) examined the suscepttbilitres of 
pertodontnl bacterra to several antibiotics. 5. /+fhw seems to 
exhrbrt a susccptrbrlrty pattern similar to that of P grngitalrr 
and many other oral anaerobrc bacteria, being sensitive to 
many of the antrbrotics tested (19, 29) Interestingly, in the 
present study 5 /ors,~rLr was less susceptrble to crprolloxacin 
than to other antrbroiics, which somewhat contradicts the re- 
port of Maiden et al (23). It is not clear whether thus reflects 
discrepancies rn methodology or a true difference. Hence, per- 
oral medrcatton wrth ciprofloxacin may have an inadequate 
etfect on 5 for~rhus Ciprofloxacin has been introduced as an 
adjunct therapy tn patients with periodontal diseases when 
opportunrstrc nonoral bacteria have become established in the 
subgingival regton (32) 

5 /or@rtcs was not able to cause experrmental infections rn 
monoculture in the wound chamber method rn rabbits. thereby 
revealing a pattern simrlar to those of many other anaerobes 
(33) A more successful rnfectrvity was obtained by coinocula- 
tron with either F nuc/earum or P grngrr-ulic, which resulted m  
several significant conclusrons. 5 /orsyrhrts is pathogenrc in an 
experimental InIectton model, thus fulfilling one important 
criterion as a putative periodontopathogen (16). The support- 
rng bacterta do not necessarily have to be facultative anaer- 
obes, and the need for low oxygen tension may be overcome by 
other mechamsms 0 for~rhus showed invasiveness when it 
was cotnoculated utth P grrrgi&Ls, a characteristic considered 
to be signrficant for bacterial pathogenrcity The invasiveness 
of P. grngrvolu FDC 381, normally considered noninvasive (28). 
was an important finding. Coinoculation with 5. /or@ru.r alters 
the pathogenic capacity to a degree similar to that of invasive 
strams of P grng~valrs (13, 28). It means that the ability to 
invade is not only dependent on the characteristics of the 
bacterial specres itself but may occur as a consequence of 

bacterial interactron The invasion which is seen in the exper- 
imental wound chamber model and which may occur in peri- 
odontal disease mav be caused by different mechanisms; how- 
ever, the results of-the present study show that strains cannot 
stmply be druided 11110 invasrve and nonrnvasive variants 
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